• CONCLUSION: A decrease in IOP is accompanied by an increase in CCT in the second and third trimesters of a normal pregnancy in women.
INTRODUCTION
I ntraocular pressure (IOP) is an important indicator used in the diagnosis and treatment of glaucoma [1] . In a functional assessment, "normal IOP" refers to the level that usually does not lead to glaucomatous damage to visual function, according to the statistical regularity of IOP. Normal IOP ranges from 10-21 mm Hg [Goldmann applanation tonometer (GAT)]; however, IOP values fluctuate cyclically throughout the day. Different local factors, such as trabecular outflow facility, corneal curvature, corneal thickness, sclera hardness, and intraocular inflammation, as well as systemic factors, such as age, gender, race, heredity, cardiovascular factors, movement or a change in posture, hormones, food, and drug factors, all affect IOP [2] . The most important treatment for glaucoma is to reduce the IOP. However, the IOP is affected by the central corneal thickness (CCT), and the CCT can induce variations in the IOP within a certain range. A CCT that is too thick or too thin will affect the corneal resistance. When the corneal thickness exceeds the average value (520 μm), the measured IOP will be greater than the actual value; in contrast, when the corneal thickness is less than the average value, the measured IOP will be less than its true value. Therefore, the CCT is an important indicator used in the diagnosis and treatment of glaucoma. The CCT has been reported to vary among different individuals and depends on ethnicity [3] . Age, corneal steepness, contact lens wear, mydriasis, hormones and diseases may also influence the CCT [4] [5] . Pregnancy is the period when a woman carries a fetus in the uterus. Women undergo many changes during pregnancy, including ocular and systemic changes. Physiological changes in the cardiovascular, hematological, and immune systems, as well as in hormone levels and metabolism, occur during pregnancy [6] [7] ; however, hormonal changes are among the most significant systemic changes in pregnant women. Pregnancy and ocular changes are often associated, and the effect is occasionally permanent but is typically transient in nature [8] .
Ocular effects during pregnancy are divided into pathological conditions, physiological changes or modifications of preexisting conditions [9] . Physiological ocular changes, including the CCT, curvature, IOP, corneal sensitivity, outflow facility, contact lens intolerance and temporary refractive changes, were reported in previous studies [10] [11] . Many studies have been conducted to determine the changes in IOP and CCT during pregnancy, but the data are limited and localized, and no Meta-analysis on this topic has been reported. In this study, we performed a systematic review and Meta-analysis with the aim of summarizing the variations in IOP and CCT during pregnancy.
MATERIALS AND METHODS
Two investigators (Wang C and Li AL) independently searched PubMed, EMBASE, Web of Science, the Cochrane Central Register of Controlled Trials, Ovid, EBSCO, Elsevier, the Chinese Biomedicine Database, WanFang, CNKI and CQVIP and Google Scholar for eligible articles with the search strategy ("Intraocular Pressure" OR "IOP" OR "Central Corneal Thickness" OR "CCT" AND "Pregnancy"). We performed the final search on November 1, 2015. Inclusion Criteria 1) Types of studies: cohort or crosssectional studies of ocular changes in normal pregnant and non-pregnant women; 2) Type of exposure and population. The cohort study: pregnant women comprise the exposure group, and non-pregnant and postpartum women comprise the control group. None of the women in the study had ocular diseases, and all were tracked during follow up. The crosssectional study: two groups, pregnant and non-pregnant, were compared without continuous observation; 3) Types of outcome measures: IOP of the eyes was measured with one of the three different methods: a Schiötz tonometer, a noncontact pneumotonometer (NCT), and a GAT. Readings were repeated 2 -5 times and then averaged. The CCT of the eyes was measured with an ultrasonic pachymeter. Exclusion Criteria 1) Meeting abstracts, case reports and review articles; 2) Articles with data that could not be extracted, were unreported, or were not clear; 3) Duplicate reports of data and unclear depictions of study characteristics. The inclusion and exclusion of the studies were determined in an independent evaluation by 2 reviewers (Wang C and Pang Y). We assessed the methodological quality of the studies included in the Meta-analysis using the Newcastle-Ottawa Quality Assessment Scale (NOS) [12] for cohort studies and the Agency for Healthcare Research and Quality (AHRQ) [13] for cross-sectional studies. The NOS is a nine-point scale that assigns points based on the process of selecting the cohorts, cases and controls (0-4 points), the comparability of the cohorts with the cases and the controls (0-2 points), and the identification of the exposure and the outcomes of study participants (0-3 points). The overall reliability and validity of the research questions was graded as low (≤4), medium (4-7), or high (≥7 
RESULTS
A total of 2134 records were identified through the database search. After browsing the titles and abstracts, 2109 unrelated and overlapping articles were removed. Twenty-five full-text articles were scrutinized for eligibility. Among these articles, 10 articles were excluded because they did not describe comparative studies or the relevant data were unavailable. Ultimately, 15 studies were included in this Meta-analysis. Figure 1 shows a flow diagram of the study selection process. Fifteen studies evaluated changes in IOP during pregnancy (Table 1) [10, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . The subjects in the control group were nonpregnant women, and subjects in the experimental group were pregnant women. Totally 1208 women were enrolled, including 701 in the pregnant group and 507 in the non-pregnant group. Pregnant women were divided into three subgroups based on the trimester of pregnancy. The pregnant women's IOP was measured in the first, second and third trimesters to assess objectives and outcomes. Four studies evaluated the changes in CCT during pregnancy (Table 1) . Pregnant women's CCT was also measured in their first, second and third trimesters.
IOP and CCT during pregnancy
As previously described, we added the following research content to the quality evaluation: for cohort studies, we used NOS, and for cross-sectional studies, we used AHRQ. Among the cohort studies, seven studies had a high grade, with a score ≥7, and two studies had a medium grade, with a score of 6. The studies lose points for their choices of the exposed and control groups and the follow-up period. According to the results from the cross-sectional studies, all studies have good descriptions in the items of the AHRQ, and they all had a high grade.
Data Analysis and Synthesis
Fifteen studies reported a reduction in IOP at various time points: 10 reported a reduction in the first trimester, 11 reported a reduction in the second trimester, and 13 reported a reduction in the third trimester. According to the results of the Meta-analysis, a statistically significant difference between the first trimester of pregnancy and nonpregnancy was not observed, MD=-0.34, 95%CI (-0.76, 0.08), P=0.12. But, the IOP of the pregnant group was significantly reduced compared with that of the non-pregnant group, MD= -1.53, 95% CI (-2.19, -0.87), P<0.00001 during the second trimester; MD=-2.91, 95%CI (-3.74, -2.08), P<0.00001 during the third trimester ( Figure 2 ). These significant differences indicate that the IOP is lower in pregnant women than in nonpregnant women. Four trials reported changes in CCT during pregnancy: 3 reported changes during the first trimester, 3 reported changes during the second trimester, and 4 reported changes during the third trimester. According to the results of the Metaanalysis, a statistically significant difference in CCT was not observed between women in the first and third trimesters of pregnancy and non-pregnant women, MD=-4.26, 95%CI (-12.31, 3.78), P=0.3 in the first trimester; MD=5.98, 95%CI (-1.11, 13.07), P=0.1 in the third trimester. However, during the third trimester of pregnancy, the CCT showed an obvious increasing trend. Moreover, the CCT of the pregnant group was significantly increased compared with that of the nonpregnant group, MD=10.12, 95%CI (2.01, 18.22), P=0.01 in the second trimester ( Figure 3 ). Based on these results, the CCT was increased in pregnant women compared with that in non-pregnant women. 
DISCUSSION
To the best of our knowledge, this Meta-analysis is the first to examine the changes in IOP and CCT during pregnancy, and 15 studies were included. Based on the results of this Metaanalysis, the IOP was decreased during the second and third trimesters of pregnancy, and CCT was increased during the second and third trimesters of pregnancy.
The results showing a decrease in IOP in the second and third trimesters of pregnancy were consistent with the findings of previous studies [15] [16] [17] [18] [19] [20] [23] [24] [25] . Moreover, according to Akar et al [18] , IOP readings obtained using GAT and Schiötz tonometers are significantly lower than readings obtained using NCT, and the measurements obtained using GAT and Schiötz tonometers were consistent and did not change significantly with advancing pregnancy. Based on our results, the CCT increased during the second and third trimesters of pregnancy, consistent with the results of the studies by Ziai et al [15] , Nebbioso et al [5] and Efe et al [10] . Concurrently, Sen et al [17] reported that the mean CCT value is higher in pregnant women than in non-pregnant women, but the difference was not statistically significant. According to current research, changes in IOP and CCT result from a number of mechanisms [22, [28] [29] [30] [31] . The majority of proposed mechanisms underlying the decrease in IOP and the increase in CCT during pregnancy indicate an association between female hormones and increased outflow. The increased levels of estrogen, progesterone, relaxin and β-human chorionic gonadotropin (β-HCG) that occur during pregnancy cause the changes of IOP and CCT. A woman's progesterone level begins to increase at approximately 20wk of gestation and continues to increase until the end of the third trimester [15] . In addition, estrogen levels first increase at 9wk and peak at 31-35wk of gestation [32] . In our Meta-analysis, significant reductions in IOP and increases in CCT were observed in the second and However, what is the mechanism of action? When present at sufficient levels, progesterone, a glucocorticoid receptor antagonist, has been reported to increase aqueous outflow, ultimately reducing the IOP [28] . Glucocorticoid receptors are expressed in the outflow apparatus; thus, their inhibition decreases the IOP. The increased levels of progesterone and estrogen that occur in pregnancy have been reported to dilate vessels in the circulatory system, leading to decreased arterial pressure and reduced aqueous humor production and a subsequent reduction in the IOP [29] . Furthermore, during pregnancy, relaxin release relaxes the mother's pelvic ligaments, and the pubis symphysis becomes elastic and the sacroiliac joints become relatively limber. These changes allow the fetus to more easily pass through the birth canal [25] . According to Philips and Gore [22] , the softening of ligaments in late pregnancy may extend to the ligament of the corneoscleral envelope to produce reduced corneoscleral rigidity and a subsequent decrease in the IOP. Relaxin has also been shown to increase the passage of liquid between collagen in soft tissues and promotes aqueous humor outflow, causing a decrease in the IOP [33] . Additionally, β-HCG can reduce the IOP. The mechanism by which β-HCG decreases the IOP is through the activation of adenylate cyclase [30] . However, the highest β-HCG concentrations are observed during the first trimester, and, in our study, decreased IOP occurred in the second and the third trimesters. Therefore, the outflow facility and the β-HCG concentrations must be measured to clarify this association. An association between corneal thickness and estrogen levels has been reported [34] . Hormones have been suggested to have direct or secondary effects on the cornea, such as systemic water retention due to the estrogen-induced upregulation of the renin-aldosterone system [34] . Overall, hormones have a major influence on the changes in IOP during pregnancy. Two enzyme systems are involved in aqueous humor secretion: carbonic anhydrase and Na/ K-ATPase [35] . Antagonists of these enzyme systems reduce the formation of the aqueous humor and reduce the IOP. Changes in the levels of hormones and metabolites produced during pregnancy may antagonize these enzyme systems [35] .
Additionally, estrogen, progesterone, and androgen receptors have been identified in the nuclei of stromal and endothelial cells of the human cornea [36] . Giuffrè et al [37] also reported variations in corneal biomechanical properties during the menstrual cycle. These changes probably occur due to the expression of these receptors in the cornea. Therefore, the increased estrogen and progesterone levels observed during pregnancy may lead to ocular changes, including changes in the IOP and corneal thickness [17] . However, additional experimental studies are required to define the changes in CCT during pregnancy. A number of limitations of this systematic review and Metaanalysis should be noted. First, although we collected all published clinical evidence, the pooled sample size of this Meta-analysis was still relatively small, particularly for the CCT measurements. This limitation weakened the statistical power. Second, the ethnicity of participants in most of the available studies included in the Meta-analysis was Asian; therefore, our findings may not be applicable to other populations. Third, all studies included in the systematic review were published in English or Chinese; however, relevant studies may have been published in other languages. Finally, the heterogeneity between trials in our Meta-analysis was important for some comparisons and endpoints. The heterogeneity may be due to the characteristics of the studies, such as the different outcome measures of IOP and CCT, different countries, age, and gravidity. A Meta-analysis is more reliable if the trials being analyzed are highly similar. We therefore used a random effects model that addresses heterogeneity and provides conservative estimates.
